The principle of equivalent light action predicts that two light treatments (wavelengths XI and X2) producing the same Pfr/P ratio (Vu = -P) and the same rate of phytochrome photoconversion (kX1 = kX2) are perceived by phytochrome as being the same and should produce the same effect. The results of experiments based on the principle of equivalent light action indicate that cryptochrome is involved in the photoregulation of anthocyanin production elicited by blue light in tomato seedlings. This was also the case for one strain of cabbage seedlings. For another strain ofcabbage seedlings, the results suggest that cryptochrome is either not involved or that the state of phytochrome is the principal limiting factor.
Light-dependent anthocyanin production in young seedlings displays the characteristics of HIR3 responses (5) . The spectral sensitivity of anthocyanin production varies in different species or strain ofthe same species (5, 6) . In some, FR, R, BL, and UV are all effective; in others, R, BL, and UV are effective, while FR is either ineffective or only minimally effective; in others still, only BL and UV are effective. BL is effective in most of the biological systems studied. Phytochrome is known to be one of the photoreceptors involved in the photoregulation of anthocyanin production, and in some species it may be the only photoreceptor involved (5) . However, the results of several studies (9, 1 1) suggest that another photoreceptor, specific for the UV-BL region of the spectrum and generally known as cryptochrome, might also be involved. The nature of cryptochrome is still unknown: flavin derivatives have been suggested as one possibility (1) . There might be more than one cryptochrome (1) . In this paper the term cryptochrome is used in general terms, to indicate the photoreceptor(s) specific for the UV-BL region. It is difficult to prove the action of cryptochrome in responses where phytochrome is also active. There is no specific test for cryptochrome. The absorption spectrum of phytochrome (13) shows absorption bands in the UV, BL, R, and FR regions. Thus, responses to BL may be mediated by cryptochrome, phytochrome, or both. In ' Recipient of a postdoctoral fellowship from the Italian Consiglio Nazionale delle Ricerche.
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'Abbreviations: HIR, high irradiance reaction; BL, blue light; R, red light; FR, far red light; RF, 650 to 800 nm light; P, total phytochrome, Pr + Pfr; VP, Pfr/P ratio at photoequilibrium; a, phytochrome photoconversion cross-section; k = a N, rate constant for phytochrome photoconversion; N, photon fluence rate. addition, even in those cases in which the action of BL seems to be mediated exclusively through cryptochrome, the final expression of the response might be affected by the state of the phytochrome system (9) .
The "light-equivalent principle" predicts that two light treatments (wavelengths X1 and A2) producing the same value of the Pfr/P ratio at photoequilibrium (<AI = V2) and the same rate of phytochrome photoconversion (k,\ = kx2) will be perceived by phytochrome as being the same and should produce the same effect (11, 12 Phytochrome Assay. A custom-built, microcomputer-controlled dual-wavelength spectrophotometer (10) was used to determine total phytochrome content, values of Pfr/P ratios at photoequilibrium and rates of phytochrome photoconversion in vivo under BL and RF irradiations in both cabbage and tomato seedlings. The sample size used for these measurements was 50 seedlings packed in a 1-cm diameter cuvette. As a reference standard for the Pfr/P ratio at photoequilibrium under red light we used the value of 0.86 (4, 14) .
The values of the in vivo Pfr/P photoequilibrium ratios established under BL and RF irradiations were:
(PBL = 0.56 ± 0.03; (PRF = 0.57 ± 0.03 The rate constant for phytochrome photoconversion, k, can be calculated from the equation k = (ln 2)/tl/2, where t'/2 is the duration of the irradiation required to reach 50% of the value of the Pfr/Pr ratio at photoequilibrium. The apparent phytochrome photoconversion cross-sections in vivo under BL and RF can be calculated from the relation a = k/N; they were: UBL = 2.39 x 104 m2 gE'; URF = 2.12 x 10-m2 AE1
Since the value of the URF/0TBL ratio is 8 the spectral energy distribution of the BL and RF sources ( Fig.  1 ) and known in vitro spectral parameters of phytochrome (4, 14) , but were instead those actually measured in vivo in the seedlings used for the experiments. A summary of the experimental conditions is given in Table I .
RESULTS AND DISCUSSION
In tomato, when anthocyanin production is expressed as a function of the rate of phytochrome photoconversion (rate constant k, Fig. 2a) , BL is significantly more effective than RF. In the range of overlapping photon fluence rates (Fig. 3a) , BL and RF are equally effective, even though BL is much less effective than RF for phytochrome photoconversion. These results indicate that cryptochrome is involved in the mediation ofthe action of BL, and support previous suggestions (2, 3, 9) for the involvement of cryptochrome in the mediation of BL action on anthocyanin production in tomato seedlings.
In cabbage seedlings ofstrain D, when anthocyanin production is expressed as a function of k (Fig. 2b) , there is no significant difference between BL and RF. If anthocyanin production is expressed as a function of the photon fluence rate (Fig. 3b) Table I. the RF to BL quantum efficiency ratio of seven is quite close to the value of 8.87 for the aRF/OBL ratio. These results suggest two possible interpretations. Either cryptochrome is not involved in the photoregulation of the action of BL on anthocyanin production, or cryptochrome might be involved, but the state of phytochrome is the main limiting factor for the final expression of the response. With the type of experiments used in this study, it is not possible to decide definitively between these two alternatives.
In cabbage seedlings ofstrain F, when anthocyanin production is expressed as a function of k (Fig. 2c) , BL is significantly more effective than RF. However, when anthocyanin production is expressed as a function of the photon fluence rate (Fig. 3c) The situation in cabbage strain F seems to be intermediate between that in tomato and that in cabbage strain D. These results suggest that, in cabbage strain F, cryptochrome is involved in the photoregulation of the action of BL on anthocyanin production, and that the state of phytochrome might be more important than in tomato, but less important than in cabbage strain D as a limiting factor for the final expression of the response.
Comparative studies of the action of BL and RF on anthocyanin production, based on the application of the principle of equivalent light action, have some limitations. First, they provide a clear indication ofcryptochrome involvement in the mediation of the action of BL only when, for equal values of the k and %P parameters of phytochrome, BL is significantly more effective than RF, as is the case for cabbage strain F and tomato. However, for situations like that in cabbage strain D, two equaly reasonable interpretations can be suggested, and a different experimental approach must be used to distinguish between them. Second, they provide no information about the interaction between cryptochrome and phytochrome in the photoregulation of the response, again requiring that a different approach be used to determine the extent and temporal display of the interaction between the two photoreceptors. Various studies suggest that the final expression of cryptochrome-mediated responses to BL might depend on the state of the phytochrome system (9, 1 1).
In conclusion, the results of our studies indicate clearly that cryptochrome is involved in the mediation of the action of BL on anthocyanin production in two of the three systems used. However, the results of the present study are not sufficient to determine which of the two alternative suggestions is valid for the situation observed in cabbage strain D, nor to make any reasonable suggestion about the extent and temporal display of the interaction between cryptochrome and phytochrome in the photoregulation of anthocyanin production in cabbage strain F and tomato. Further research is needed to clarify these two problems.
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